Investigation of the morphology of the lacunocanalicular system of cortical bone using atomic force microscopy.
Mechanical loading has been implicated as a powerful driving mechanism for interstitial fluid flow through bone. However, little information is available with regard to the morphology of bone fluid spaces, e.g., the canalicular wall, which would be expected to dictate the type of flow regime developing in the lacunocanalicular system under mechanical loads. The purpose of this study was to examine the fine structure of the lacunocanalicular system in cortical bone using atomic force microscopy (AFM), resin casting methods, and selective etching of the specimen surface. A resin-cast replica of the canalicular wall was produced and surface morphology and dimensions were observed using AFM in tapping mode. Material contrast was obtained using surface potential measurements. A striped pattern perpendicular to the canaliculus long axis with a periodicity of 125 nm dominated the structure of the canalicular wall; it is likely that this was caused by the imprint of collagen fibrils arranged in parallel, lining the canaliculus wall. The largest dimension measured for canalicular diameter was on the order of 500 nm. The regular dips and ridges caused by the collagen that lines the wall are a source of roughness which may influence shear stresses imparted by the fluid on the cell surface as well as mixing of solutes within the lacunocanalicular system. In addition, the lacunocanalicular wall lining is likely to affect physicochemical interactions between the fluid and bone matrix. This has important implications for modeling and understanding the microfluid mechanics and rheology of the fluid-filled lacunocanalicular network.